Abstract: 18 audio-frequency magnetotelluric (MT) sites were occupied along a profile across the northern Main Ethiopian Rift. The profile covered the central portion of the Ethiopia Afar Geoscientific Lithospheric Experiment (EAGLE) line 1 along which also a number of broadband seismic receivers were deployed, a controlled-source seismic survey was shot, and gravity data were collected. Here, a two-dimensional model of the MT data is presented and interpreted, and compared with the results of other methods. Shallow structure correlates well with geologically mapped Quaternary to Jurassic age rocks. Within it, a small, shallow conducting lens, at less than 1 km depth, beneath the Boset volcano may represent a magma body. The 100 Vm resistivity contour delineates the seismically inferred upper crust beneath the northern plateau. The Boset magmatic segment is characterized by conductive material extending to at least lower crustal depths. It has high velocity and density in the upper to mid-crust and upper mantle. Thus, all three results suggest a mafic intrusion at depth, with the MT model indicating that it contains partial melt. There is a second, slightly deeper, more conductive body in the lower crust beneath the northern plateau, tentatively interpreted as another zone containing partial melt. The crust is much more resistive beneath the southern plateau, and has no resistivity contrast between the upper and lower crust. The inferred geoelectric strike direction on the plateaus is approximately parallel to the trend of the rift border faults, but rotates northwards slightly within the rift, matching the orientation of the en echelon magmatic segments within it. This follows the change in orientation of the shear wave splitting fast direction.
Details of the setting, geology, structure and tectonic history of the northern Main Ethiopian Rift (NMER) are given elsewhere in this volume (e.g. Kidane et al. 2006; Casey et al. 2006; Pizzi et al. 2006) . This paper concerns a study of the resistivity structure across the rift. As part of the Ethiopia Afar Geoscientific Lithospheric Experiment (EAGLE) project, audio-frequency magnetotelluric (MT) data were collected at 18 sites along a 220 kmlong profile crossing the NMER in an approximately NW-SE direction, to image subsurface electrical resistivity. The profile coincided with the central portion of the EAGLE seismic wideangle reflection/refraction profile (Line 1 (Mackenzie et al. 2006) ), and traversed the Boset magmatic segment within the NMER. As well as recording the controlled-source shots, a number of broadband seismic receivers measured passive seismicity both along the line and in the surrounding area. Figure 1 shows the location of the MT sites, seismometers and shotpoints, superimposed on the topography, border faults and magmatic segments. Where possible, MT sites were located close to broadband seismometer sites to enable a comparison between the MT model and the results of receiver function analysis. Subsequently, a gravity survey was also carried out along line 1, and the MT and density models are compared here. The MT sites were approximately 20 km apart on the plateaus, reducing to 5 km in the rift where the expected higher conductivity would limit penetration, both laterally and with depth. The line extended further on the northwestern plateau to try to understand the mechanism for plateau uplift.
The MT method provides information on a physical parameter characterizing the subsurface, namely its resistivity. The resistivity of the subsurface depends on its temperature, mineralogy and fluid content, both interstitial and partial melt, and is sensitive to even small amounts of melt and residual fluids and its connectivity. One of the aims of the survey was therefore to image any melt residing in the crust, which was expected to be hard to detect seismically. Partial melt lowers rigidity and therefore seismic velocity. Lowvelocity layers are invisible to the seismic refraction method, and their top surfaces tend to have high seismic impedance contrasts, limiting the penetration depth of reflection studies. With the EAGLE seismometer geometry and frequency range, receiver function analysis is only able to determine crustal thickness and the average V p /V s in the crust, and controlled source tomographic models have resolved just the top c. 20 km of crustal structure to date . Thus, the MT data and their interpretation provide new information on crustal structure, complementing and independent of the results of seismic and gravity surveys.
In the following section, the data acquisition and processing are summarized. The modelling strategy is then described and the preferred two-dimensional (2D) model presented. Results and models from other techniques are compared to aid the interpretation of the MT model. Finally, the main results and conclusions are summarized.
Data acquisition and processing
SPAM Mark III (Ritter et al. 1998) audio-frequency magnetotelluric (MT) instrumentation was used for data acquisition, with Metronix broadband coils and lead -lead chloride porous pot electrodes to measure the horizontal magnetic and electric fields respectively. The highest frequency recorded was 128 Hz; at a number of sites, usable data were collected over almost five decades. Signal strength is weakest in the so-called 'dead band' around 1 Hz. Data quality was poor and restricted to shorter periods at the two sites on the Boset volcano due to strong winds. The data at a nearby site in the rift were too contaminated by mains power and other cultural noise to be used in inversion. At several sites, battery failure restricted the longest period measured. Simultaneous data with GPS timing (accurate to +2 ms) were obtained at most sites, allowing remote reference processing (Gamble et al. 1979) . Direct current (DC) resistivity sounding data with electrode spacings of up to several hundred metres were collected at all sites to determine shallow structure; these models can be used to help resolve static shift arising from near-surface three-dimensional (3D) distortion (e.g. Bahr 1988; Groom & Bailey 1989; Hautot et al. 2000) . If unaccounted for, static shift can introduce unnecessary structure into the model. Ideally, the profile would have extended further to the SE, but the road quality and network in the area were poor, so there was insufficient time during the fieldwork period to occupy more sites.
Data were post-processed using the robust codes of Chave & Thomson (1989) and Ritter et al. (1998) to obtain optimal impedance tensor estimates relating the horizontal magnetic and electric fields in the frequency domain. The profile is close to the magnetic equator and hence the equatorial electrojet (EEJ), which could have polarized the source signals parallel to it during daytime. This can contaminate the data and affect the calculation of the impedance tensor, and complicates the interpretation of the strike direction (V. Haak, pers. comm. 2005) . However, no such effect was identified in the period range of these data. The strike is almost constant with period for each site and it is coherent from site to site, whether the data were recorded at night or during the day. The skew values were generally small (.0.1); this is a necessary but not sufficient condition for the data to be consistent with a 2D structure. In a 2D Earth, the electromagnetic induction equations separate into two modes: the transverse electric (TE) mode or E-polarization (currents parallel to strike); and the transverse magnetic (TM) mode or H-polarization (currents perpendicular to strike). Currents parallel to structure only induce magnetic fields perpendicular to it, and vice versa for the TM mode. Thus, the diagonal elements of the impedance tensor vanish. However, this structure only emerges when the electromagnetic field components are measured in, or rotated into, coordinates defined by the strike direction and perpendicular to it. In addition, local 3D distortion needs to be taken into account. This may not be purely galvanic in the conductive environment of the Ethiopian rift, so the general decomposition technique of Counil et al. (1986) was used. This determines the strike providing the best 2D approximation to the actual 3D structure, and was determined by rotating the impedance tensor such that its diagonal elements were a minimum, on a siteby-site and period-by-period basis. In a 2D Earth, there is a single rotation angle (with a 908 ambiguity) for which the diagonal elements vanish; shallow 3D galvanic distortion means the diagonal elements will not quite vanish, but a single rotation angle minimizes them. Counil et al. (1986) showed that, in the more general case, there are two angles that minimize the diagonal elements, and they need not be orthogonal. One defines a maximum electric field direction (MED), the other a minimum magnetic field direction (Counil et al. 1986 ). For a 2D geometry, the MED should correspond to the strike of the 2D structure or to the direction perpendicular to it, depending on the nature of the medium underneath. In what follows, it is assumed that the MED indicates the strike direction of the conductivity structure (or perpendicular to it), which is referred to as the geoelectrical strike. 908 rotations of the MED can take place over short distances if there is a large lateral resistivity contrast. The MED was compared to the main tectonic trend in order to determine which of the maximum or minimum components corresponds to the TE (and respectively to the TM) mode. This showed that the MED is roughly parallel to the rift valley (rotation angles 30 -408 from magnetic North), and the maximum impedance is the TE mode, for sites on the plateau, with a rapid switch to the maximum impedance being the TM mode for sites within the rift valley (rotation angles 100-1208). At most sites, the rotation angle was well-defined and constant with period, though others were either scattered or had small diagonal impedance tensor elements for all rotation angles (as would be the case for a 1D Earth). Allowing for the 908 MED rotation, there are two main directions defining the 2D structure along the profile (Fig. 2) . Stations on the plateaus tend to have a direction parallel to the rift border faults, while those in the rift valley have a slightly more northerly direction, parallel to the direction of the en echelon magmatic segments (Fig. 1 ). This rotation is also seen in the fast shear wave splitting direction from seismic anisotropy studies (Maguire et al. 2003; Kendall et al. 2005 Kendall et al. , 2006 Keir et al. 2005) .
The impedance data are most usefully presented as amplitude (in units of resistivity), referred to as the apparent resistivity, and phase of the TE and TM modes, plotted as a function of period (a depth proxy). These quantities are straightforwardly obtained from the rotated real and imaginary impedance tensor components. Examples of the data are given in Figure 3 , together with the predictions of the preferred model. Static shifts resulting from 3D near surface distortion are seen as an offset between the two apparent resistivity curves at the shortest periods (e.g. sites 2 and 17). Station numbers can be matched to positions along the profile from the map showing the MED directions in Figure 2 and the 2D model presented in Figure 4 .
The DC resistivity data were modelled with plane layers overlying an infinite halfspace. The resultant models were then used to predict high-frequency MT data at those sites with static shift. At the two sites (2 and 17) with the largest static shifts, the prediction matched one of the apparent resistivity component curves, so the resistivity of the top layer of the MT model was set to the DC resistivity model half-space value. At other sites, the agreement between the MT data predicted by the DC resistivity model and the actual MT data was less good. This was usually because the near-surface structure was too conductive for the injected DC to reach the shallowest depths sampled by the highest MT frequency, so there was a gap in resistivity structure not resolved by either technique: in this case, the DC resistivity model predictions are not expected to match either component of the actual MT data.
The robustly processed TE and TM mode data were inverted for a 2D model of subsurface resistivity using an algorithm that iteratively minimizes the root-mean-square (rms) difference between the data (weighted by their uncertainties) and those predicted by the model (Hautot et al. 2002) . The misfit function also contains a regularization term based on the resistivity contrast between adjacent model blocks. The forward problem is solved for both TE and TM modes with a finite difference 2-D algorithm. Data at 17 periods roughly equally spaced in log period and covering the range from 1/128 to 512 s recorded at all sites were selected for modelling; this reduces the numerical effort without significant loss of information.
The top 5 km of the model was well constrained in relatively few iterations by the high quality data at periods less than 1 s. Once a good fit to the short period data was achieved, the structure in the top 3 km was kept constant while some refinement of the horizontal grid was undertaken where deeper structure appeared to change rapidly laterally, in particular between sites 3 and 2, and 16 and 17, allowing a better fit to the data at longer periods, and confirming that some of the key structures discussed below are required by the data. This refinement also involved relaxing the regularization constraint to allow for the more rapid variations in resistivity required by the data. A number of sensitivity tests were run; their results informed the interpretation of the model and its comparison with other data types presented below.
The final model is shown in Figure 4a , with the station numbers indicated at the top, and the upper 5 km in more detail in Figure 4b . Sample data fits are presented in Figure 3 . The final weighted rms misfit is 3.1. Although this is larger than the target Figure 4 , with sites arranged (left to right and top to bottom) from NW to SE along the profile. The squares are the components in the maximum impedance direction, and the circles in the minimum impedance direction. Error bars are one standard deviation. Phases have all been plotted in the first quadrant to show more detail. Dotted line is the TE model response and solid line the TM model response. The maximum impedance is the TE mode for sites 18, 2, 4, 6, 8, 16 and 17, and the TM mode for sites 5, 10 and 11. The DC resistivity data models predicted MT data providing a reasonable match to the short-period TE mode data for sites 2 and 17 so they were used to control static shift at these two sites. The DC resistivity model halfspace resistivities were 97 and 123 Vm, and the models predicted apparent resistivity values of 244 and 270 Vm at 128 Hz, respectively. of 1, it is typical of 2D MT models where errors are not zero-mean Gaussian distributed, and represents a reasonable fit to the data without the model becoming excessively complex.
Interpretation
The MT model in Figure 4 is a detailed subsurface image of the crust over 40 km depth. The geological field mapping study of Wolfenden et al. (2004) is used to interpret the near-surface electrical structure (Fig. 4b) . Mackenzie et al. (2005) present a model of the seismic wide angle reflection/refraction profile along line 1, referred to hereafter as 'the seismic model', extending to depths of up to 60 km, providing a useful initial comparison with the MT model. Maguire et al. (2006) describe the seismic model coordinate system which preserves the curvature of the Earth over the length of the seismic profile. It results in the seismic model zero depth being at the level of the lowest EAGLE shotpoint (at the northeastern end of seismic line 2) which is at an elevation of 555 m above the WGS 84 Geoid used to define zero depth in the MT model. The zero distance point on Figure 4 is approximately 150 km along the seismic model. The resistivity distribution in the top 3 km of the MT model is heterogeneous (Fig. 4b) . There is lateral variability such as the resistive material beneath sites 2 and 17, and conductive material beneath sites 3, 7 and 15, which is probably caused by localized variations in composition, fluid content or structure. There is an extremely conductive (resistivity 0.8 Vm) lens beneath site 11 overlain by a resistor. Sites 11 and 13 were on the Boset volcano, so it is tempting to attribute the lens to a shallow magma zone, although hot and/or saline fluids or clays, often associated with volcanic activity, would be alternative explanations. The overlying resistor corresponds to fresh volcanic material observable nearby and responsible for extremely high apparent resistivities calculated from the DC resistivitysounding data. The MT model suggests a maximum thickness for the Adama basin within the rift of around 3 km (based on the rapid increase in resistivity from about 10 Vm within the basin to about 100 Vm below), compared to 4 km proposed by Wolfenden et al. (2004) and 5 km by Mackenzie et al. (2005) . The thickness increases towards the SE and reaches a maximum beneath sites 15 and 16, adjacent to the Arboye border fault (site 16), in agreement with these other studies.
Within the rift, Mackenzie et al. (2005) deduce a surface layer typically 1 km thick of Late Miocene -Early Pliocene ignimbrites and rhyolites, and Quaternary sediments and volcanics. Beneath that, and cropping out at the surface elsewhere along the line, are a few kilometres thickness of pre-rift Jurassic sediments and Oligocene flood basalts. Together, these loosely match the nearsurface relatively conductive material in Figure 4b , both in thickness and geometry of the lower boundary (Mackenzie et al. 2005) , except on the southern plateau.
There is a good resistivity contrast between the upper and lower crust beneath the northern plateau. The upper crust beneath the northern plateau is delineated approximately by the 100 Vm resistivity contour. Its lower boundary, generally between 20 and 25 km depth, is elevated by about 5 km beneath the rift. However, the lower crust is markedly more resistive beneath the southern plateau, and there is no obvious resistivity boundary that might distinguish the upper and lower crust. The shallow subsurface beneath the southern plateau is also considerably more resistive than elsewhere along the profile. This major difference in structure can be seen by comparing the data from site 17 with those from other sites (Fig. 3) . Note that the DC resistivity data suggest the TE mode curve, with higher apparent resistivity values, represents the data undistorted by static shift. Numerical difficulties accommodating sharp resistivity contrasts, such as at the southern escarpment, and the smoothness constraint imposed on the model, suppress the lateral difference in the model of Figure 4 , even after refinement to the horizontal grid. This explains why the long-period TE mode apparent resistivities at site 17 are still underpredicted by the model of Figure 4 .
Important features of the model are two conductive bodies at lower crustal depths, one beneath the Boset magmatic segment and the other beneath the plateau to the NW, close to the rift flanks. The body beneath the Boset magmatic segment (below sites 11, 13 and 14, centred at approximately 60 km on the profile) begins at 15 km depth, and becomes even more conductive and wider at depths of 20 -25 km. Slightly deeper (25-30 km) and to the NW (beneath sites 5, 4 and 6, centred at 220 km) is a second, extremely conductive body. It terminates to the NW of site 5 to fit the longer-period data at sites 3 and 2. A sensitivity test demonstrates that both conductors are required by the data, with site 5 particularly sensitive to the existence of the more northwesterly conductor. The depth extent of the more northwesterly conductor is better resolved, with sites 4 and 6 constraining the depth of its top, and site 5 its base. Parkinson vectors at periods of 20 -180 minutes from an analysis of geomagnetic depth-sounding data collected by H. Porath around 1970 and processed by D. Bennett (both at University of Dallas) indicate elongated conductors in the same positions (trending approximately north-south beneath the northwestern plateau, and NE -SW beneath the rift). An almost contemporaneous long-period MT experiment by V. Haak and colleagues (at University of Munich) also identified spectacular high conductivity structures beneath the northwestern plateau (V. Haak, pers. comm. 2005); however, these studies did not resolve the depths of the conductors.
Gravity data have been collected along line 1 and modelled by Cornwell et al. (2006) . A starting density model was converted from both Mackenzie et al. (2005) and Keranen et al.'s (2004) seismic velocity models. This included a high-density body beneath the Boset magmatic segment, about 20 km wide and with its top surface at c. 8.5 km below the rift floor extending to at least the lower crust, corresponding to a region of enhanced seismic velocity both on line 1 (Mackenzie et al. 2005) and on an adjacent section to the NE derived from the tomography model of Keranen et al. (2004) . Keranen et al. (2004) also noted that the velocity was normal along a parallel section further to the south that passes between the Boset and Koka magmatic segments, and that the Koka and Fantale -Dofan segments to the south and north respectively are also associated with elongate, high-velocity bodies. Thus, the enhanced velocity and density beneath the Boset magmatic segment is thought to be caused by a .1.8 Ma gabbroic mafic intrusion, feeding a series of dykes intruding into the upper crust. Mahatsente et al. (1999) and Tadesse et al. (2004) model a series of shortwavelength gravity maxima coincident with magmatic segments elsewhere in the main Ethiopian rift as mafic intrusions into the upper crust. The dimensions of the high-velocity body beneath the segment are comparable to those of the conductive body seen in the MT model down to the depth limit of the seismic tomography model (c. 15 km; Keranen et al. 2004) .
The conductive body observed in the MT model beneath the Boset magmatic segment is consistent with a mafic intrusion interpretation, assuming it still contains partial melt at lower crustal depths, since no more than a few percent of interconnected melt can decrease the resistivity significantly (Roberts & Tyburczy 1999) . Keranen et al. (2004) present the intrusion as cooled, but seismic tomography does not image below depths of about 15 km at which the conductivity starts to increase significantly. Although the seismic model has higher crustal velocities beneath the Boset magmatic segment, the lateral velocity contrast diminishes with depth, vanishing at about the base of the crust. Thus, both the seismic and MT results may indicate that the top part of the intrusion has cooled and solidified, but that it still contains some melt at depth. This is consistent with the gravity model (Cornwell et al. 2006) which, although it has a high-density body in the upper crust beneath the Boset magmatic segment, has uniform lower crustal density that could be the result of melt lowering the density of the mafic intrusion. There is extensive seismic evidence for partial melt within the rift. Mackenzie et al.'s (2005) low Pn velocities indicate its presence immediately beneath the Moho. Kendall et al. (2005) attribute observed anisotropy to oriented melt pockets. Receiver function analysis (Dugda et al. 2005 ) gave a Poisson's ratio of 0.34 for station NAZA close to line 1 in the rift (see location on Fig. 1 ). Values greater than 0.30 are thought to be consistent with the presence of partial melt, although there is a trade-off between crustal thickness and Poisson's ratio. Stuart et al. (2006) were unable to perform receiver function analysis of the data from their station (DONE) at site 14 on the edge of the segment, because the receiver function has a poorly developed Pms conversion; they suggest this might be caused by attenuation of the converted S-wave. Keir et al. (2006) note that seismicity within the rift is confined to the magmatic segment and ceases at a depth of c. 10 km. From this they infer that it is caused by dyking into the brittle upper crust, a mechanism which relies on melt still being present.
It is postulated here that the second, deeper (20 -25 km), more conductive body to the NW (centred at a distance of 220 km along the MT profile beneath sites 5, 4 and 6) is also caused by partial melt. It is not possible to verify conclusively whether or not the two conductors are connected-sensitivity tests show that the resistivities of the intervening blocks are not well constrained by the data. The seismic and gravity models do not have an associated velocity and density anomaly coincident with the second conductor, and its depth is below the region imaged by the seismic tomography model of Keranen et al. (2004) . Poisson's ratio values for the crust from receiver function analysis are equivocal. The adjacent permanent station AAUS (Fig. 1) gave a Poisson's ratio of 0.31 (Dugda et al. 2005) , still high enough to indicate partial melt. Slightly further away, the very late arrivals (compared to the predictions of standard 1D Earth models) of teleseismic phases at the nearby permanent seismic station FURI at all azimuths would also be consistent with partial melt beneath it, as would its Poisson's ratio of 0.33 . However, at site 4 overlying the conductor, Stuart et al. (2006) found a Poisson's ratio of only 0.27 (their station SENE), yet higher values of 0.31 at site 7 (station E70), and 0.30 at site 2 (station CHAE), both constrained by sensitivity tests not to overlie the conductor. Extending from a distance of approximately 20 km orthogonal to the profile to the SW of the conductor, the Bishoftu (sometimes referred to as Debre Zeit) volcanic chain (Fig. 1) is underlain by hot asthenosphere Rooney et al. 2005) . Keir et al. (2006) postulate that it is either an unfavourably oriented 'failed' magmatic segment or an incipient zone of strain. Seismic stations overlying it have high (0.31-0.33) Poisson ratios . Thus, other data indicate partial melt nearby, although none at the location of the conductor.
Beneath the northwestern plateau, the seismic model has an extra c. 15 km-thick layer centred on a depth of approximately 40 km, with velocity intermediate between that of the lower crust and upper mantle, interpreted as crustal underplating of Oligocene and/or Recent age (Mackenzie et al. 2005) . Although melting of the lower crust associated with an Oligocene underplating event would have solidified long ago, the MT model is consistent with a proposed two-stage model ) in which underplating is followed by recent moderate degrees of low-pressure fractionation, involving melting of lower crustal rocks. These rocks were probably already close to solidus temperatures owing to the relatively high strain rates associated with the change in rift extensional direction to approximately east -west at the beginning of the Quaternary (Boccaletti et al. 1999) .
Both lower crustal conductors lie at distances along the seismic profile at which no wide-angle reflections from the base of the underplated layer (PmP phase) are received (Mackenzie et al. 2005 , Fig. 7) . This is probably an artefact of the source -receiver geometry (P.K.H. Maguire 2005, pers. comm.) so cannot be used to argue for the presence of partial melt associated with the conductors. In fact, the wide-angle reflections from the base of the lower crust (top of the underplate layer) (the PxP phase in Mackenzie et al. (2005) ) would be expected to be more affected by partial melt in that layer, whereas the PxP phase ray coverage is good at the distances of the lower crustal conductors.
There is a region of slightly higher resistivity beneath sites 8 and 9 at 5 km depth. The feature is constrained by the data at site 9, although the fit at both sites 8 and 9 is not as good as elsewhere along the profile. In particular, the apparent resistivities of the TE mode at site 8 and the TM mode at site 9 are underpredicted at periods greater than about 5 s, whereas the apparent resistivities of the other mode at both sites are well reproduced. In fact, it is difficult to posit a 2D structure that will fit both modes at both sites, and 3D structures may be required. Thus, any interpretation of the 2D model must be treated with caution. Cornwell et al. (2006) found that a second dense, upper crustal intrusive body was needed to fit their gravity data in the region beneath sites 8 and 9; its top surface is in the same location as the resistive region but it extends further (thickness 10 km) in depth. If the body still contained partial melt, it is possible that the warmer, deeper part could have a similar resistivity to its surroundings and that the MT model images only the coldest, fully solidified upper part, which would be expected to be more resistive than the surrounding rock. If this interpretation is correct, it constrains the timing of the intrusion, though it is difficult to produce a quantitative model predicting resistivity from cooling to compare with the MT model. Cornwell et al. (2006) estimated that this and the body beneath the Boset magmatic segment must contain at least 40% gabbro to fit the seismic and gravity data (based upon experimental data of Christensen & Mooney (1995) ). In addition, they added a small, relatively high density body to the uppermost 5 km beneath the Boset volcano (with ,25% gabbro) where there is no obvious resistivity feature in the MT model, although it might be too small to be resolved. The MT model has another, slightly deeper (c. 10 km), resistive zone in the upper crust beneath sites 2 and 3, where the gravity profile has another peak. Again, a dense intrusive body might provide an alternative fit to the gravity data to the model proposed by Cornwell et al. (2006) . The gravity peak is broader than that beneath sites 8 -9, which would imply a deeper body, consistent with the MT model.
The MT model does not image reliably the base of the crust or the upper mantle. However, site 17 has much deeper penetration and constrains the deep heterogeneity (conductive to the NW, resistive to the SE). Long-period MT studies in the 1970s by V. Haak and colleagues (University of Munich) also found a strong resistivity contrast between the very resistive southern plateau and high conductivity northwestern plateau (V. Haak, pers. comm., 2005) . This first order difference in the deeper resistivity structure between the plateaus on the two sides of the rift correlates well with variations in the velocity and density structure, with the change occurring in all models beneath the Arboye escarpment (site 16 at c. 100 km distance in the MT model). One manifestation of this difference is the layer of underplated material found only beneath the northwestern plateau. Cornwell et al. (2006) assign it a density intermediate between that of the lower crust and upper mantle in the gravity model. Also, both the velocity and density of the upper mantle beneath the southern plateau are significantly higher than those beneath the northern plateau. The depth of the velocity and density transitions is about 40 km, whereas it is about 25 km in the MT model. Dugda et al. (2004) and Stuart et al.'s (2006) receiver function estimates of crustal thickness beneath the northwestern plateau are up to 10 km less than those of the refraction studies of Mackenzie et al. (2005) , but compare favourably with those of refraction line I of Berckhemer et al. (1975) . Stuart et al. (2006) state that the discrepancy in crustal thickness estimates can be partly explained if the top of the underplate has been interpreted as the Moho in the receiver function studies. An alternative hypothesis is that the crust contains a low-velocity layer that is below the resolution (at c. 30 km depth, c. 5 km width, c. 40 km length and of small acoustic impedance) of the wideangle reflection/refraction profiling. This would be expected if the lower crust contains partially molten material, as implied by the MT model, but not by the Poisson's ratio of 0.27 at site 4 (station SENE; Stuart et al. 2006) . A higher percentage of the lower crustal intrusion beneath site 4 would need to be partially molten than that beneath the Boset magmatic segment to depress the velocity below that of normal lower crust. The extremely conductive lower crust beneath sites 5, 4 and 6 in the MT model supports this hypothesis, but it is inconsistent with the Poisson's ratio.
Conclusions
The MT model and its interpretation presented here gives a model of crustal structure including a (mainly) conductive surface layer of Quaternary to Jurassic age, a more resistive upper crust, and a lower crust that is conductive beneath the northwestern plateau and much more resistive beneath the southeastern plateau. This fundamental difference in crustal resistivity structure beneath the plateaus on the two sides of the rift follows differences seen in the seismic velocity and density images, as well as earlier electromagnetic induction studies. The enhanced conductivity beneath the Boset magmatic segment, particularly at depths of c. 20 km, indicates the presence of partial melt.
A unique feature of the resistivity image is a zone of high conductivity material in the lower crust beneath the northwestern plateau close to the rift. It is proposed that this is a further region of partial melt, although there is no associated feature in the seismic or gravity model. Poisson's ratios for nearby stations are also consistent with the presence of crustal partial melt, although that for the station over the conductor is not. Mantle tomography and xenolith data indicate hot asthenosphere below this region. Seismic anisotropy results beneath the northwestern plateau suggest that melt is still being produced in the top c. 75 km (Kendall et al. 2006) . Teleseismic arrivals are significantly late at the permanent station FURI on the northern rift flank, regardless of azimuth, pointing to extensive (i.e. not confined to the rift) partial melt. There are several lines of Quaternary volcanoes on the plateau (e.g. Bishoftu, and near the Ambo lineament-see e.g. Casey et al. 2006 , Fig. 2, for location) . Late Miocene -Quaternary basaltic magmatism in the Lake Tana area is inferred by Chorowicz et al. (1998) , which is consistent with an interpretation of a 2D model of MT data collected south and east of Lake Tana (Hautot et al. 2006) , and Kendall et al. (2006) note the existence of Quaternary eruptive centres there. Discrepancies between crustal thickness from the seismic refraction/wide angle reflection study and receiver function analysis might be explained by a thin lower crustal low-velocity layer. Taken together, this implies the existence of lower crustal reservoirs and extensive melt beneath the northwestern plateau, and hence that orientated melt pockets would provide an alternative to the inherited Precambrian fabric explanation of Gashawbeza et al. (2004) for the SKS splitting results.
Within the upper crust on the northwestern side of the rift are two regions of slightly higher resistivity. The shallower of the two, which has the smaller resistivity contrast with the surrounding upper crust, has its top surface in the same position as a high-density body inferred from the gravity survey, identified as another mafic intrusion (Cornwell et al. 2006) . The other coincides with a short wavelength peak on the gravity survey, suggesting it too could be modelled as a mafic intrusion. However, both of these smaller, shallower bodies must have solidified to be imaged as resistivity highs, in contrast to the lower crustal conductors beneath the Boset magmatic segment and further to the NW.
Seismic anisotropy studies show a slight anticlockwise rotation of the fast shear wave direction over magmatic segments; the MT results have a similar rotation of the geoelectric strike direction within the rift. Unfortunately, because the electromagnetic signals recorded in MT satisfy a diffusion equation, rather than the wave equation that governs seismic wave propagation, the data average structure both laterally and vertically and cannot distinguish between rotation confined to sites on the Boset magmatic segment and over the whole of the rift valley. The distinction is important: the rotated direction is parallel to the present-day extension direction inferred geodetically (Bilham et al. 1999) , from seismicity studies and field observations (Wolfenden et al. 2004) , and thus its confinement to magmatic segments supports the magma-assisting rifting hypothesis of Ebinger & Casey (2001) and Buck (2004) . Whereas shear wave splitting by orientated melt pockets could arise within the crust or upper mantle (down to depths of 75 km; Kendall et al. 2006) , the MT data demonstrate that geoelectric strike direction rotation takes place at crustal depths, consistent with the melt interpretation for the high conductivity body beneath the Boset segment.
Future work will include joint MT-seismic refraction and MT-gravity inversions (e.g. Gallardo & Meju 2003) . These inversions should establish whether the additional mafic intrusions inferred from the gravity and MT data are mutually compatible, and compatible with the seismic data, and may establish whether a lower crustal low-velocity layer could explain the discrepancies in crustal thickness inferred from seismic profiling and receiver function analysis. Li et al. (2003) estimated the percentage of partial melt to explain their MT data across the Tibetan plateau. A similar calculation will be undertaken with these MT data, which might constrain the timing of the intrusions.
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